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4  EEPOET    OX    THE    KLAMATH    MAESH    EXPEEIMENT. 

SCOPE  OF  THE  INVESTIGATIONS. 

In  view  of  the  similarity  in  appearance  bet^Yeen  the  Lower  Kla-. 
math  Marsh  and  the  so-called  tnle  lands  in  the  delta  of  the  Sacra- 
mento and  San  Joaquin  Eivers  in  California  it  was  deemed  advis- 
able to  folloAY  the  same  agricultural  practices  that  have  proved  most 


Fig.  1. — Map  showing  tlie  location  of  Lower  Klamath  Lake  and  Marsh  formed  by 
lateral  overflow  from  Klamath  River,  which  flows  through  the  northern  edge  of 
the  marsh.  Klamath  River  drains  Upper  Klamath  Lake  over  a  basaltic  rock 
barrier  at  Klamath  Falls. 

suitable  in  the  subjugation  of  these  lands  and  to  try  some  of  the  crops 
that  have  been  the  basis  for  that  highly  profitable  agriculture. 

Such   temperature   records   as   were   available  indicated   that  the 
Klamath  marshlands  were  subject  to  low  minimum  temperatures  dur- 

[Cir.  86]  -  ■ 


KEPORT    ON    THE    KLAMATH    MARSH    EXPERIMENT.  5 

ing  the  summer  months,  with  the  liability  of  a  killing  frost  even  in 
summer.  Preliminary  examinations  of  the  drained  marshland 
showed  the  presence  of  considerable  quantities  of  alkaline  salts,  chiefly 
carbonates  of  sodium,  magnesium,  and  calcium.  It  was  believed  at 
first  that  these  salts  could  be  washed  out  without  difficulty  in  the 
ordinary  processes  of  irrigation,  and  the  first  efforts  were  directed 
toward  getting  the  raw  tule  mat  into  good  tilth.  Arrangements 
were  made  for  bringing  to  the  reclaimed  land  a  supply  of  irrigation 
water  from  the  channel  which  leads  into  the  swamp  from  the  Klamath 
River. 

The  drainage  of  the  experimental  tract  had  been  accomplished  by 
cutting  through  it  open  ditches  about  5  feet  deep  and  2  feet  wide. 
Three  of  these  ditches  were  run  parallel,  about  200  feet  apart,  con- 
necting with  a  head  ditch  at  either  end  and  supplemented  by  a 
dredger  cut  along  one  side  of  the  tract.  This  arrangement  of  ditches, 
together  with  a  wooden  flume  by  which  the  irrigation  water  was 
brought  to  the  tract,  made  it  possible  to  try  both  surface  flooding 
and  lateral  subirrigation,  the  latter  being  accomplished  by  keeping 
one  ditch  full  of  irrigation  water  and  the  adjacent  parallel  ditch 
empty. 

It  was  found  that  the  raw  tule  mat  was  very  tough  and  hard  to 
reduce  quickly  into  good  tilth.  It  was  successfully  plowed  by  using 
a  very  sharp  plow.  In  order  to  have  at  least  a  small  piece  of  land  in 
good  tilth,  the  furrow  slice  was  removed  from  about  1  acre.  After 
this  was  done  it  was  found  possible  to  work  up  the  next  layer  into 
very  good  tilth  for  a  seed  bed. 

In  the  spring  of  1910,  when  the  irrigation  system  had  been  in- 
stalled, a  number  of  grain  and  grass  crops,  together  with  a  series  of 
vegetable  crops,  were  planted;  a  considerable  number  of  the  crops 
being  planted  both  on  the  land  from  which  the  furrow  slice  had  been 
removed  and  on  the  land  that  had  not  been  plowed  the  previous  sea- 
son, but  instead  had  been  thoroughly  cut  to  pieces  with  a  heavy  disk. 
It  was  found  impracticable  to  plant  crops  on  the  land  which  had  been 
plowed  but  from  which  the  furrow  slice  had  not  been  removed. 
When  this  plowed  land  had  been  cut  to  pieces  with  the  disk  and 
irrigation  water  was  applied  in  an  endeavor  to  moisten  the  seed  bed, 
most  of  the  pulverized  furrow  slice  was  floated  up  and  washed  about 
by  the  irrigation  stream,  so  as  to  make  a  uniform  wetting  impossible. 
Spring  planting  on  this  land  was  not  attempted. 

When  the  drainage  of  the  experimental  tract  was  first  undertaken 
a  large  number  of  curbed  open  wells  were  dug  for  the  purpose  of 
observing  the  rate  of  recession  of  the  ground  water. 

With  the  beginning  of  the  crop  season  of  1910  observations  were 
begun  as  to  the  depth  of  the  water  in  these  open  wells,  and  samples  of 
the  water  were  tested  from  time  to  time  with  the  electrolytic  bridge 
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to  determine  the  salt  content.  The  necessary  instruments  were  also 
installed  to  observe  the  air  temperature,  wind  velocity,  and  the  tem- 
perature of  the  seed  bed.  Samples  of  the  irrigation  water  were  tested 
with  the  electrolytic  bridge  and  composite  samples  were  collected  for 
chemical  analysis.  The  same  was  done  with  the  drainage  water  re- 
moved from  the  tract.  All  of  these  observations  were  continued 
throughout  the  crop  season  of  1910,  and  notes  were  made  as  to  the 
growth  and  behavior  of  the  crops  planted.  As  a  precautionary  meas- 
ure, samples  of  all  the  seed  used  in  planting  were  tested  to  ascertain 
their  normal  germination. 

LIST    OF   CROPS   TRIED. 

The  land  which  had  not  been  plowed,  but  which  had  been  thor- 
oughly cut  to  pieces  with  the  disk  in  the  fall  of  1909  was  planted  to 
the  following  crops  on  April  29 :  Turkey  wheat,  barley,  Crimean 
wheat,  oats,  meadow  fescue,  alsike.  redtop,  sand  lucern,  timothy,  white 
clover,  and  bluegrass. 

The  land  from  which  the  furrow  slice  had  been  removed  was 
planted  to  the  following  crops  on  April  29 :  Onion  sets,  onion  seed, 
radish,  lettuce,  turnips,  cowhorn  turnips,  mangels,  sugar  beets,  chick- 
peas, and  Canada  peas. 

On  May  7  on  this  same  plat  were  planted  three  varieties  of  potatoes. 

On  May  11  two  varieties  of  wheat,  one  of  barley,  and  one  of  oats 
were  planted  on  the  land  from  which  the  furrow  slice  had  been  re- 
moved, and  on  May  21  on  this  same  plat  were  planted  kafir  corn, 
sweet  corn,  and  thousand-headed  kale. 

On  May  25  flax  and  hemp  were  planted  on  the  same  plat. 

After  a  severe  frost  on  June  20  and  21  the  following  crops  were 
planted  on  the  land  from  which  the  furrow  slice  had  been  removed : 
Mangels,  sugar  beets,  rutabagas,  red  beets,  radish,  kale,  Canada  peas, 
chick-peas,  sand  lucern,  wheat,  barley,  and  oats. 

On  July  8  there  was  also  planted  on  the  land  from  which  the 
furrow  slice  had  been  removed  one  drill  row  of  each  of  the  following : 
Meadow  fescue,  alsike.  redtop.  sand  lucern.  timothy,  and  white  clover. 

RESULTS  OF  THE  CROP  EXPERIMENTS. 

The  major  portion  of  all  the  crops  planted  came  up  and  com- 
menced growth  in  a  fairly  satisfactory  manner,  although  the  seedling 
growth  was  slow  in  nearly  every  case.  Irrigation  water  was  used 
freely  on  most  of  the  land  in  an  effort  to  reduce  the  salt  content 
by  leaching.  After  passing  the  seedling  stage  most  of  the  jDlants 
began  to  show  symptoms  of  distress,  manifested  by  arrested  growth 
and  yellowing.  This  was  jDarticularly  true  on  the  land  from  which 
the  furrow  slice  had  been  removed.     On  the  land  where  the  tule  mat 
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had  been  cut  with  the  disk  and  where  heavy  irrigation  was  used  the 
plants,  particularly  the  cereals,  made  a  slightly  better  growth,  but 
even  there  the  growth  was  abnormally  slow  and  weak.  A  critical  ex- 
amination of  the  plants  at  the  time  when  the  arrested  growth  had 
become  conspicuous  (about  the  middle  of  June)  showed  that  the 
roots  were  confined  to  the  superficial  layer,  and  that  in  the  few  cases 
where  they  had  penetrated  much  beyond  the  first  3  inches  they 
were  dead  and  badly  corroded.  On  the  nights  of  June  20  and  21 
severe  frosts  occurred,  wuth  the  result  that  all  of  the  tender  crops 
were  killed  to  the  ground  and  nearly  all  of  the  others  were  severely 
injured.  Immediately  after  this  frost  a  second  planting  of  the  tender 
crops  was  made.  The  crops  from  the  second  planting  came  up 
promptly,  but  after  having  exhausted  the  food  supply  stored  in  the 
seed  these  too  began  ta  suffer  and  die,  although  temperature  and 
moisture  conditions  were  favorable  to  growth. 

The  wheat,  oats,  barley,  alsike,  clover,  alfalfa,  and  redtop  re- 
mained alive  throughout  the  season  on  the  disked  land,  but  none  of 
these  crops  made  anything  like  a  normal  growth,  even  under  the  most 
favorable  conditions  it  was  found  possible  to  provide.  A  few  plants 
of  both  sugar  beets  and  blood  beets,  as  well  as  some  of  the  potatoes, 
survived  the  season  on  the  land  from  which  the  furrow  slice  had 
been  removed,  this  survival  occurring  chiefly  in  a  few  places  where 
excess  quantities  of  irrigation  water  w^ere  used,  but  even  under  these 
conditions  growth  was  abnormally  weak. 

It  becam.e  apparent  from  these  experiments  that  thorough  leaching 
of  the  land  would  be  a  necessary  preliminary  to  the  production  of  any 
of  the  ordinary  crop  plants.  Indeed,  none  of  the  crops  in  the  fore- 
going list  gave  any  indication  of  ability  to  thrive  under  the  condi- 
tions of  the  experiment. 

EXPERIMENTS  IN  LEACHING  THE  LAND. 

The  land  planted  to  crops  was  irrigated  by  surface  flooding  or  by 
furrows.  It  was  found  that  on  the  disked  but  unplowed  land  the 
water  moved  readily  through  the  porous  superficial  la5^er  to  the 
depth  of  4  or  5  inches  and  drained  off  into  the  open  ditches  on  either 
side,  but  there  was  little  evidence  of  any  considerable  penetration 
below  this  layer.  On  the  land  from  which  the  furrow  slice  had  been 
removed  the  water  was  absorbed  so  slowly  that  affer  heavy  flooding 
it  was  necessary  to  draw"  off  the  water  from  the  check  after  each 
irrigation,  even  though  the  ditches  on  either  side  of  the  flooded 
tract  were  kept  empty.  In  other  words,  the  downward  and  lateral 
movement  of  water  into  the  land  was  so  slow  as  to  make  very  doubt- 
ful the  possibility  of  reclaiming  the  land  by  leaching  out  the  excess 
of  alkaline  salts. 
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Early  in  the  season  one  of  the  three  parallel  open  ditches  was 
blocked  up  at  either  end  and  kept  filled  with  irrigation  water, 
while  the  adjacent  ditch  200  feet  away  was  kept  empty.  This  con- 
dition was  maintained  with  but  few  interruptions  throughout  the 
season  from  May  to  October,  with  the  object  of  leaching  out  the 
excess  salts  in  the  land  between  these  two  ditches. 

Water  samples  were  collected  each  w^eek  from  the  open  wells  in 
this  tract,  and  the  salt  content  was  determined  with  the  electrolytic 
bridge,  check  samples  being  collected  from  time  to  time  for  chemical 
anal^^sis. 

At  the  end  of  the  season  samples  of  water  collected  at  depths  of 
2,  4,  and  6  feet  at  various  points  in  the  subirrigated  tract  showed 
conclusively  that  there  had  been  no  material  leaching  of  the  salt 
except  in  the  upper  foot.  . 

In  the  latter  part  of  the  season  an  effort  was  made  to  leach  out  the 
salt  by  protracted  surface  flooding  of  the  land  from  which  the  furrow 
slice  had  been  removed.  Borders  were  thrown  around  two  checks, 
each  containing  one-eighth  of  an  acre,  and  each  of  these  two  checks 
was  bordered  on  two  sides  by  an  open  ditch  nearly  5  feet  deep.  One 
of  these  checks  was  kept  continuously  flooded  for  two  weeks  and  then 
allowed  to  dry  out  for  two  weeks,  Avhile  the  other  was  flooded.  This 
flooding  process  was  repeated  on  each  check  so  that  each  was  flooded 
twice  for  two  weeks  at  a  time  with  an  intervening  period  of  two 
weeks  without  flooding.  Samples  of  the  subsurface  water  were 
secured  at  depths  of  2,  4,  and  6  feet  in  each  of  the  checks  after  each 
period  of  flooding  and,  although  an  aggregate  of  5  feet  in  depth  of 
water  was  applied  to  each  of  these  checks  during  two  weeks  of  flood- 
ing, it  was  found  that  no  appreciable  lessening  of  the  salt  content  had 
occurred  at  the  depth  of  2  feet  or  below.  All  of  the  water  applied 
to  these  checks  that  had  not  evaporated  had  apparently  seeped  out 
laterally  through  the  more  porous  surface  layer. 

In  view  of  the  very  light  texture  of  the  tule  mat  and  underlying 
material,  none  of  which  weighs  over  40  pounds  per  cubic  foot  when 
dry,  it  seems  difficult  to  understand  the  cause  of  its  relatively  high 
impenetrability.  ATTien  saturated  this  material  holds  a  large  pro- 
portion of  water,  it  being  not  uncommon  to  find  samples  containing 
5  or  6  parts  of  water  to  1  part  of  dry  material.  In  other  words,, 
when  approaching  the  saturation  point  this  soil  contains  500  or  600 
per  cent  of  water.  Chemical  analyses  of  this  subsurface  water  and 
of  the  tule  mat  itself  show  the  presence  of  large  quantities  of  soluble 
salts,  chiefly  carbonates  of  sodium,  calcium,  and  magnesium ;  in  other 
words,  lime  and  black  alkali.  The  tule  mat  when  moist  gives  a  pro- 
nounced alkaline  reaction  to  litmus,  and  the  subsurface  water  /On 
boiling  gives  an  alkaline  reaction  to  phenolphthalein.     In  this  re- 
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spect  the  Lower  Klamath  Marsh  differs  markedly  from  the  tule  lands 
of  the  delta  of  the  Sacramento  and  San  Joaquin  Rivers,  which  are 
either  neutral  or  slightly  acid;  particularly  in  the  lower  depths. 

COMPARISON  WITH   OTHER   TULE   LANDS. 

Owing  to  the  rank  growth  of  the  tule  on  the  Lower  Klamath 
Marsh  it  has  been  assumed  that  these  lands  have  the  same  potential 
value  as  the  tule  lands  in  the  delta  of  the  San  Joaquin  and  Sacra- 
mento Rivers.  There  are  two  fundamental  differences,  however, 
between  these  two  tracts : 

(1)  The  lands  of  Lower  Klamath  Marsh  are  formed  almost  entirely 
from  organic  matter  and  the  siliceous  remains  of  diatoms.  Draining 
the  tract  and  exposing  this  soil  to  the  air  will  result  in  the  rapid 
oxidation  and  disappearance  of  the  organic  matter,  accompanied  by 
a  marked  loAvering  of  the  surface.  The  residual  material  will 
eventually  be  largely  siliceous  and  will  contain  little  plant  food.  The 
delta  tule  lands,  on  the  other  hand,  contain  a  large  proportion  of  silt 
deposited  bv  floods  and  do  not  undergo  any  marked  changes  as  the 
result  of  drainage,  while  the  silt  provides  the  necessary  mineral  plant 
food. 

(2)  The  delta  tule  lands  are  either  neutral  or  slightly  acid  in  their 
reaction,  particularly  in  the  lower  depths,  while  the  lands  of  Lower 
Klamath  Marsh  are  markedly  alkaline.  This  condition  is  due  to  the 
presence  in  the  latter  case  of  black  alkali  (sodium  carbonate),  the 
most  injurious  of  the  alkali  salts.  This  salt  combines  chemically 
with  the  disintegrated  organic  matter,  which  is  one  of  the  reasons 
why  it  is  so  difficult  to  remove  by  leaching.  A  second  reason  is  that 
the  compounds  thus  formed  are  colloidal  in  character  and  greatly 
retard  the  movement  of  water  through  the  soil,  behaving  in  this 
respect  like  particles  of  colloidal  clay. 

Black  alkali  is  least  harmful  under  the  conditions  found  in  the 
undrained  marshland ;  that  is,  in  the  presence  of  submerged  organic 
matter.  A  part  of  the  alkali  combines  directly  with  the  organic 
matter,  and  the  remainder  is  largely  converted  into  sodium  bicar- 
bonate, which  is  much  less  harmful  to  plant  growth.  It  is  under 
such  aquatic  conditions  that  the  tule  makes  its  gi^owth  in  the  Lower 
Klamath  Marsh,  but  as  soon  as  the  land  is  drained  these  favorable 
conditions  are  gone.  The  sodium  bicarbonate  is  converted  into  the 
harmfid  carbonate,  and  as  the  organic  matter  oxidizes,  all  the  alkali 
with  which  it  was  combined  is  set  free.  Thus  conditions  grow 
steadily  worse  in  the  zone  into  which  the  plant  roots  should  penetrate, 
while  in  the  drainage  zone  below  the  soil  remains  as  impervious  as 
before. 
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CONCLUSIONS. 

(1)  The  Klamath  marshlands  on  the  Lower  Klamath  Lake  have 
been  formed  through  the  disintegration  of  aquatic  vegetation  and 
without  the  deposition  of  any  considerable  quantity  of  rock  sediment 
or  silt.    They  are  therefore  lacking  in  essential  elements  of  fertility. 

(2)  These  swamp  lands  contain  a  sufficient  quantity  of  alkaline 
salts,  chiefly  carbonate  of  sodium  (black  alkali),  to  render  them 
unfit  for  crop  production  until  these  salts  are  leached  out. 

(3)  On  account  of  the  highly  impervious  character  of  the  marsh- 
land, the  leaching  out  of  these  alkaline  salts  is  rendered  very  difficult 
and  api^ears  to  be  impracticable  by  any  methods  at  present  known. 
The  expense  would  exceed  the  prospective  value  of  the  land. 

(4)  The  air-drainage  conditions  on  the  Klamath  marshlands  are 
such  that  low  temperatures  and  killing  frosts  are  likely  to  occur 
every  month  in  the  year,  thus  limiting  the  possible  agriculture  to  the 
hardier  species  of  crop  plants. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  July  22,  1911. 
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